Maize (Zea mays) coleoptile section celi wail extensibility was found to be stimulated by red light. This stimulation was largely removed by simultaneous or immediately subsequent far-red treatment. Qualitatively similar patterns of response occurred at 0 C and 20 C. Plastic extensibility responded more than elastic extensibilty after red light treatment. Redinduced extensibility increases were detectable by 20 minutes after irradiation, and extensibility continued to increase up to at least 1 hour after irradiation. The kinetics of escape from far-red reversibility indicate that the initial events leading to this phenomenon are among-the fastest known phytochrome responses.
The cell wall has a major role in plant cell extension growth. Wall extensibility, osmotic potential, and water permeability are believed to be key factors in growth control (8) , and it has been suggested that cell wall relaxation occurs in response to cell turgor pressure (12) . Another view has also been proposed, namely that turgor pressure decreases because ofcell expansion (3) . Whichever is the causal factor, cell wall extensibility is of considerable influence in cell growth.
Cell wall extensibility in oat coleoptiles increases during growthstimulation by auxin (4, 5) . Extensibility decreases as rice coleoptiles age, and their growth rate declines (7) . However, changes in cell wall extensibility do not always accompany changes in tissue growth rate, e.g. supraoptimal levels of IAA decrease elongation of oat coleoptiles and pea epicotyls, whereas cell wall extensibility remains constant in the former (4) and actually increases in the latter (6) . This supports the hypothesis that cell wall relaxation is required for growth but is insufficient alone.
Cell wall extensibility alters in response to illumination. Plastic extensibility of oat coleoptile sections was increased by brief (growth-stimulating) R2 treatment but was decreased by long-term (growth-inhibiting) R exposures (2) . Similarly, extensibility of rice coleoptiles was decreased by growth-inhibiting R treatment (7, 9 Sections were prepared for extensibility measurements with hooks made from copper wire (1-mm diameter) inserted 2.5 mm into each end of the (hollow) coleoptile cylinder, after removal of the rolled leaf material within, and glued into position using Loctite Super-Glue 3 (Loctite U. K. Ltd., Welwyn Garden City, U. K.). Sections were then given appropriate light treatments, either at 0 or 20 C. After irradiation at 0 C, the segments were rapidly brought back to 20 C. Sections were kept at all times on moist tissue paper to prevent drying.
When extensibility of 'live' sections was to be measured (following the light treatment), damp tissue paper was wrapped loosely around each section and a light-proof aluminum foil envelope closed over this, leaving only the copper hooks exposed. When extensibility of 'dead' sections was to be measured, sections were killed by immersion in boiling methanol for 5 min at the appropriate time after the light treatment. These sections were then rehydrated by immersion in distilled H20 and wrapped loosely in damp tissue paper before measuring extensibility. Extensibility Measurements. Extensibility was measured with an Instron (Instron U. K. Ltd., High Wycombe, U. K.) extensometer, model 1026. DT, DP, and DE were calculated essentially as described by Cleland (4). The wire hooks at each end of the coleoptile section to be measured were clamped in the extensometer, with one hook clamped to the fixed base of the machine and the other clamped to a movable load transducer (range 0-50 g). After taking up slack so that further movement upwards of the transducer would apply increased load across the section, the measurement procedure began. The load transducer moved upwards at 0.5 mm/min. The resultant load extension curve was recorded on a chart moving at 50 mm/min. When a load of 50 g was reached, the transducer automatically reversed and returned (at 0.5 mm/min.) to its original position, whereupon it again reversed direction and repeated load application up to 50 g. The first load-extension curve in each case provided a measure of DT, while the second gave a measure of DE. In these calculations, the slope of the load-extension curve was measured as that of the PHYTOCHROME AND CELL WALL EXTENSIBILITY The pooled results from a series of similar experiments were converted into arbitrary units for comparative purposes by adjusting the mean DT value of dark-incubated sections to 100 and relating to it all other extensibility values (DT, DE, and DP). Extensibility values from sections incubated at 0 C were related to the 0-C control DT value; those from sections incubated at 20 C were related to the 20-C control DT value. The resultant data (Table II) were, thus, prepared from a large number of replicates. DT, DE, and DP in all cases exhibited significant FR-reversible R stimulation. Sections treated with FR at the same time as R showed no significant extensibility differences from dark-treated sections. FR, alone, significantly decreased DT and DE in sections treated at 0 C but increased DE in sections at 20 C. The reason for this is unknown.
The time course of extensibility changes in response to R treatment was studied by killing sections at various times after exposure and then measuring extensibility. The results (Table III) indicate that the increase in DT had not started 2 min after R treatment but had begun by 20 min and continued thereafter, at least until 60 min after treatment. DP appeared to increase first (by 20 min), after which DE was responsible for increased extensibility (at least up to 60 min).
DISCUSSION
The results shown in Table II indicate that DT, DE, and DP in etiolated maize coleoptile sections are R stimulated. This appears to be a phytochrome-controlled response rather than the result of photosynthesis, as FR reversibility is exhibited, and irradiation with FR during R treatment results in no R stimulation. Qualitatively similar light responses occur in sections incubated at 0 C Table I (Table III) indicates that the response is relatively rapid, occurring largely within 60 min of R exposure. DP increases by 20 min after R exposure and is similar at 60 min, whereas DE does not increase significantly until after 20 min following R exposure. This implies that irreversible (plastic) extension is involved in the earliest wall photoresponse, with reversible (elastic) extension providing the later part of the response. This may reflect differences in the mechanism of the two components and/or their relationship to the phytochrome system. No extensibility increase is detectable 120 s after R treatment. Previously, we have found FR reversibility of R stimulation of elongation in etiolated maize ALND 
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Plant Physiol. Vol. 68, 1981 coleoptiles to be lost within 2.5 min of R exposure (13) . The extensibility response loses some reversibility more rapidly; at 20 C, FR given immediately after 2 s R causes only partial reversal of the stimulation. Thus, the response is coupled to the phytochrome system (escapes from reversibility) at a rate similar to the fastest known phytochrome responses, the potentiation of pelletability (10) , and the control of bioelectric potentials (11) .
